Facing the challenge of climate change, innovations that imply environmental benefits create business opportunities for entrepreneurs. This paper analyzes innovation capabilities of startups in Cleantech and how the innovation outcomes of those startups develop over time. Based on the Mannheim Foundation Panel and applying propensity score matching, a cohort of 566 Cleantech startups is analyzed and compared with a control group of non-Cleantech startups. We find that startups in Cleantech have, on average, higher innovation capabilities compared with all startups. However, Cleantech startups are a heterogeneous group including ventures using common technology and those developing new technology. Our econometric evidence shows that, ceteris paribus, Cleantech startups are more likely to combine existing technology in a novel way. Finally, we find that Cleantech startups do, on average, develop more market novelties in later years compared to theirs peers.
Introduction
To address the challenge of climate change and scarce natural resources, many countries have developed policies that aim at fostering the Cleantech sector. In addition, consumer demand for environmentally friendly technologies has been high, thereby creating opportunities for entrepreneurs to develop novel technologies that are cleaner and conserve more energy and resources. Globally, the lead markets for green products, processes and services is estimated to have a volume of several billion euro. (BMUB, 2014) .
This creates opportunities for startups with innovative products, processes or services in Cleantech to establish and to grow. However, not much is known regarding the innovation contents of those startups. Do they develop new products based on own R&D, or do they mainly apply existing technology? Do they succeed in creating market novelties, or do they mainly use existing common technology?
A unique and yet unexplored opportunity for a systematic analysis of these companies is provided by the Mannheim Foundation Panel which allows us to identify Cleantech startups and a comparison group of non-Cleantech startups with similar characteristics as a control group. The definition of Cleantech in our study is in accordance with a previous study by Eckhardt and Shane (2003) who point out that clean technology entrepreneurship covers the development and utilization of goods and services that put together innovative clean energy technology solutions. Past studies have highlighted that the development of clean energy technology startups is driven by external factors, such as technological and market opportunities (Malen and Marcus, 2017) . However, the internal characteristics that influence innovation activities of Cleantech startups are as yet left unexplored. The objective of our paper is to fill this gap.
Previous research has also identified the pull and push factors for "green" or ecoinnovations (Horbach et al., 2012) . Cost savings and customer demand are particularly crucial pull factors that drive eco-innovation, while important push factors include tech-1 nological capabilities, e.g., innovation intensity, R&D and firms' specific characteristics.
These previous studies argue that pull and push factors play crucial roles in influencing green innovation.
A key feature of our paper is that we analyze the innovation capabilities of Cleantech startups and we link these capabilities both to the likelihood of generating general Cleantech solutions and to the general innovation outcomes of those startups. Cleantech startups in general are a heterogenous group of firms offering products or services that reduce negative environmental externalities. The environmental benefits of Cleantech products or services include higher levels of recyclability and energy efficiency, a reduction in the use of and impact on natural resources, and lowered noise emission. The realization of entrepreneurial opportunities in Cleantech depends on the exploitation of this business model and strategy (Teece, 2010) . Consequently, it is essential to understand whether and how startups will gain a competitive advantage, (i.e., from innovation activities), when the development of entrepreneurial opportunities is combined with the use of capabilities, and other resources (Jantunen et al., 2005) . In order to explore these factors more deeply, our paper focuses on entrepreneurial opportunities, innovation capabilities and innovation outcome for Cleantech startups.
Our measures of startups' innovation capabilities include several dimensions of assets that startups can use when developing their business. First and foremost, we assume that the background of the founder matters. We expect that both knowledge, in terms of educational background, and experience are important. A study by Romijn and Albaladejo (2002) confirms the importance of a founder's background, specifically, when technological startups have founders with engineering or science backgrounds. Technological startups involve intricate innovation and technology that is determined by a founder's human capital (Almus and Nerlinger, 1999) . We consider the question of whether startups in Cleantech are founded by entrepreneurs that have more or less experience than 2 other non-Cleantech startups. We also investigate the founder's educational degree or specific skills, to determine whether a founder's science, engineering and business degrees are important characteristics for Cleantech firms to generate market novelties, and higher levels of innovativeness. Second, since previous studies emphasize that technological capabilities (e.g., R&D activity) promotes green innovation (Horbach, 2008) , in this paper, Cleantech startups' technological capabilities are also investigated. We address the question of whether innovation outcomes of Cleantech startups are contingent on the continuation of R&D. Furthermore, we provide evidence regarding the importance of patents in Cleantech startups' innovation activities and outcomes.
Our contribution to the literature is as follows. First, to our knowledge this is the first study that incorporates Cleantech startups' opportunities, capabilities and innovation using a comprehensive and detailed firm level panel data set allowing for a comparison between Cleantech new ventures and other new entrants on the market. Second, after performing a control group selection with the help of propensity score matching, we find that Cleantech startups have a higher likelihood of focusing on innovation and technological leadership as their primary business strategy. Third, based on the multinomial logit estimation, we can show that Cleantech startups produce more novel technologies than non-Cleantech startups. The higher innovation content of Cleantech startups is driven by technological capabilities and specific characteristics of the founder. For all startups, both the founder's industry experience and educational background are positively correlated with creating novel technology. Founders with engineering degrees are an important asset for Cleantech startups, since most Cleantech founders have an engineering background. Interestingly, we find that Cleantech startups develop significantly more market novelties during the years 2012-2014. The overall conclusion of our empirical analysis is that Cleantech startups do perform better, on average, than non-Cleantech startups conditional on their innovation capabilities, e.g., continuous R&D activity and holding patents.
3 Finally, our research may inspire policy makers and startups to promote the evolution of environmental technology as a key transformation to a green economy. By knowing capabilities and innovation outcomes of Cleantech startups, policies may encourage startups to focus on certain assets and capabilities that enhance the innovation performance of Cleantech ventures.
The remainder of the paper is organized as follows. Section 2 offers a review of previous studies. Section 3 describes the data and empirical approach. Section 4 reports both the descriptive and econometric results. Section 5 concludes.
Literature Review
In recent years, there has been a growing policy interest in addressing the issue of climate change. Investments in clean technology are widely considered as a key factor in climate change mitigation (Eyraud et al., 2013) .
Clean technology is a rather broad concept, but most literature at the macro-perspective defines "clean " technology as innovations that generate energy efficiency, climate smarter buildings, less polluting transportation and cleaner production technologies (Dechezleprêtre et al., 2014 ). At the micro-level, a firm can be considered as Cleantech if it helps to protect the environment by facilitating environmentally friendly solutions by delivering products, services, or processes that contributes to limited or zero nonrenewable resources and creates significantly less waste than conventional offerings (Pernick and Wilder, 2007) .
The theoretical literature on innovations in Cleantech has gained a boost in recent years from a number of studies relying on the endogenous growth theory. For example, Acemoglu et al. (2012) introduce a two-sector model of directed technical change where the final good can be produced by either "dirty" or "clean" inputs. Profit maximizing entrepreneurs build on previous innovations and direct their research to improving the quality of machines in one or the other sector. Key assumptions in the model are path 4 dependency and inertia in research and socioeconomics systems. When dirty technology dominates the market, it is difficult for entrepreneurs with new technology to compete because several development steps are required to be a viable option for the market. The last R&D dollar will, therefore, be more profitable if invested in dirty technology. The theory predicts that without governmental interventions in terms of taxes, R&D subsidies and regulations, the introduction of clean technologies will be substantially delayed.
Empirically, these predictions have been confirmed by studies, for instance of the automotive industry (Aghion et al., 2016) 
and the solar industry (ref is missing).
Given their significance in the policy debate, there are surprisingly few empirical studies dealing with Cleantech startups using data allowing for systematic analyses across firms and over time (for a survey of this limited literature, see Bjørnåli and Ellingsen (2014) ). In looking at factors that promote startups in new technology, existing research distinguishes between three categories: individual, firm-specific and external factors. The first relates to characteristics of the founder or team of founders. An ample empirical literature has shown that all factors are important for the viability of the new firms (Almus and Nerlinger, 1999 , Acs and Audretsch, 2003 , Gilbert et al., 2006 , Almus and Nerlinger, 1999 , Bertoni et al., 2011 .
However, compared to other new technology ventures, there are factors that might be of particular importance for Cleantech startups. As mentioned above, governmental support and regulations that enable clean technology to be profitable are such factors (see for instance Tsoutsos and Stamboulis, 2005) . Besides economic incentives, some authors have suggested that entrepreneurs motivated by ethical concerns may be more successfully in green innovations (York and Venkataraman, 2010) . It has also been found that Cleantech is still a sector with limited profitability (Bjørnåli and Ellingsen, 2014) and more dependent on governmental incentives than other firms.
There is a growing number of studies focusing on environmentally friendly technolo-gies that are based on the Community Innovation Survey (CIS) or related data (see, for example Veugelers, 2012, Van Leeuwen and Mohnen, 2017) , but they concern themselves almost exclusively with established companies and not with startups. Therefore, it is difficult to draw more profound conclusions about the particular prerequisites of Cleantech startups from these studies.
In summary, the existing literature on Cleantech startups is limited in terms of systematic studies. A major obstacle is the lack of information from regularly recurring data collections that allow us to observe new ventures over time. By using the Mannheim Foundation Panel as the database for our study, we can provide new evidence on the capabilities and innovation outcomes of Cleantech startups in a longitudinal perspective.
Empirical Approach
Our choice to analyze Cleantech startups in Germany is motivated by the fact that green technology from Germany has been growing due to a high demand for Cleantech solutions developed in Germany and also due to governmental support. According to BMUB (2014) , Germany accounts for 14% of the world market share of the green tech global market.
Data and Variables
The Mannheim Foundation Panel provides information regarding a founder's specific characteristics, the specific characteristics each venture, and technological capabilities. We present a list of variables, and descriptions in Table 1 .
Econometric Estimations
To the best of our knowledge this paper is the first study that uses propensity score matching (PSM) to analyse Cleantech startups by defining a comparison group of nonCleantech startups with similar characteristics, in particular with regard to innovation capabilities. Cleantech startups are defined as a treated group that we then match with the non-Cleantech group. Specifically, we apply PSM to match and analyze a cohort of 566 Cleantech startups, and we match that sample with a group of 566 non-Cleantech startups. PSM allows us to make comparisons in terms of outcome variables between treated and control groups conditional on similar characteristics (Rosenbaum and Rubin, 1984 , 1985 , Rubin, 1997 . Previous studies have proved the effectiveness of PSM to investigate different characteristics of startups, e.g., academic spin-offs and non-academic startups (Cantner and Goethner, 2011, Stephan, 2014) .
The application of PSM methodology follows Gantumur and Stephan (2011) and Stephan (2014) . Let C i represent a dummy variable that indicates Cleantech for startup i, with C i = 1 for "Cleantech" startups and C i = 0 "for non-Cleantech" ones. Let X i denote a set of observed covariates. Then the propensity of belonging to C i ∈ {0, 1} is expressed
We are interested in the difference between the expected Cleantechs' innovative outcome 7 and that of non-Cleantechs. We define the average outcome of Cleantechs as 
After performing PSM, we estimate probit models and multinomial logit regressions using the panel data based on the treated group (Cleantech) and control group (nonCleantech) over years [2011] [2012] [2013] [2014] . By using the aforementioned models on the matched sample, we aim to investigate the impact of capabilities, a founders' background and experience, and the firms' characteristics on innovation outcomes.
Probit estimation is used in Model (3) and (4). In Model (3), our proxy for innovation outcome is the dummy variable dnovel that represents having a market novelty in either the regional, national or world market.
In Equation (3), inno capabilities consists of the variables continuous R&D and patent. Founder characteristics is captured by founder's education background, founder's industry experience, founder's previous enterprise experience, founder's disciplinary background, e.g., economics/business, natural sciences, engineering. Additionally, startup characteristics is defined by startup em-ployees, foundation year and industry sector.
In Model (4), we use dinno as a proxy for innovation outcome as the dependent variable. dinno=1 denotes that the startup has innovative products or services. The specification is P(dinno) = f (Cleantech, year, inno capabilities, founder characteristics, startup characteristics).
We also employ multinomial logit regression for Models (3) and (4), where we use inno and novel as categorical dependent variables indicating innovativeness and market novelties with different outcomes. Dependent variable inno describes different degrees of innovation, e.g., inno = 1 (applying common technology), inno = 2 (new combination of existing technology), inno = 3 (application of third party new technology) and inno = 4 (self-developed technology). Dependent variable novel consists of novel = 1 (no market novelty), novel = 2 (novelty in a regional market), novel = 3 (novelty in Germany), novel = 4 (novelty in the world market).
Empirical Results

Propensity score matching and balancing test results
The descriptive statistics in Table 2 focus on the comparisons of Cleantech startup characteristics between the matched and unmatched samples. For simplicity, we perform a 1:1 nearest neighbors propensity score matching (PSM). In Table 2 , we can see that after matching the differences between our treated (Cleantech) and control (non-Cleantech) groups are reduced. The balancing assumptions are confirmed for our most crucial exogenous variables between samples.
Based on the unmatched samples in Table 2 , the innovation capabilities variables of founder specific characteristics (e.g, Industry experience, and Founder enterprise) indicate that the founder of Cleantech startups tend to be more skillful due to the Cleantech founders' experiences in the industry and their experiences in having founded previous ventures. The Industry experience variable is measured using a scale of 1-5, where higher numbers reflect increasing experience. Without matching, the Industry experience of a Cleantech founders is higher with about 3.4 on average compared to 3.2 of nonCleantech founders. Nevertheless, the balancing assumption holds after matching, and leaves both groups with mean values of about 3.4. This indicates that both Cleantech and non-Cleantech founders have between 7-14 years, on average, of industry experience.
Before matching, the founders of Cleantech startups are, on average, more experienced than those of non-Cleantech ones, since 43% of Cleantech startups' founders have established previous ventures. However, the difference in means between Cleantech and non-Cleantech startups are not significant in the matched sample. After matching, we can confirm that the mean value of the variable, Founder enterprise, is lower than that of Cleantech startups at 40%, which means, on average, fewer founders of non-Cleantech's ventures have established previous enterprises.
Interestingly, another founder specific characteristic that may influence the success factor of establishing Cleantech startups is a founder's background in engineering. Twenty eight percent of Cleantech founders hold an engineering degree, while founders' with other degrees, e.g., economics/business, natural sciences and math/computer degrees make up a very small percentage of the Cleantech founders. Another variable in the education domain describes a founder's educational qualifications. A majority of Cleantech founders, 46%, hold a college/university degree. Before matching, the second and third common degree held by a Cleantech startup founder is vocational college and professional qualification at 29% and 22%, respectively. This is in contrast with non-Cleantech founders who are more likely to have a professional qualification degree than a vocational college degree. A small fraction of 3.5% of Cleantech founders do not have an educational degree.
In Table 2 , we draw the conclusion that it is more likely for Cleantech startups to have higher technological capabilities compared to non-Cleantech startups.
Cleantech startups are prevalent across industry sectors. 
Results for Cleantech startups' entrepreneurial orientation
In order to address entrepreneurial opportunity, we investigate the entrepreneurial Table 3 and Table 4 . Based on information provided in Table 4 , a majority of Cleantech and non-Cleantech ventures select Totally A as their strategy for product improvement. This implies that both groups show a strong preference for incremental product improvement. The second most important strategy for Cleantech startups is Totally B, which indicates a strong preference for radical product improvement. Twenty percent of Cleantech ventures select Totally B as their product improvement orientation. On the contrary, the second best product improvement strategy for non-Cleantech startups is Preferably A, which implies a medium preference for an incremental product improvement. Around 21.4% of nonCleantech startups select Preferably A as their entrepreneurial strategy for product improvement.
Both Table 3 and Table 4 illustrate the business strategy of Cleantech startups. The results show that Cleantech startups tend to exploit certain business strategies, e.g, either they totally focus on marketing of tried-and-true products or services, or they completely focus on innovation and technological strategy. The product improvement strat-egy tends to either totally focus on incremental improvement or otherwise radical improvement. This hints at the heterogeneous strategies that Cleantech startups employ in order to realize the opportunities and to meet the growing consumer demands in Cleantech products. A study by Nemet (2009) specifically investigates the wind power industry, and emphasizes that rapid technical change does not respond well to demand-pull. Yet, non-incremental technical change, in general, is influenced by technological-push (Dosi, 1988 , Nemet, 2009 . Particularly, in the environmental technology sector the need for non-incremental technical change is present, as the impact of Cleantech sectors might be minor, and the world still needs to meet climate goals set by policymakers. Interestingly, based on our matched samples, Cleantech startups have a higher likelihood of concentrating on innovation and technological as their business strategy. Their likelihood to focus on a radical product improvement is also higher than that of non-Cleantech startups.
Results for the innovation related outcome variables
We devote this subsection to presenting the descriptive statistic of our outcome vari- Based on the information provided in Table 5 , a majority of new ventures in both Cleantech and non-Cleantech have no market novelties (around 88%). However, 
Regression Results
This subsection discusses the results of our four regression models. Table 7 reveals the results for our probit models. Our novel variable is the dependent variable for the probit regression in the first column and has a value of 1 if the startup has introduced market novelties and 0 otherwise. Variable inno in the second column is denoting the innovation degree of products or services and has a value of 1 if the products are not based on common technology, but 0 otherwise.
The two probit regression models reveal that Continuous R&D and Hold patent are important drivers for both innovation outcome variables. This implies that R&D and technological capabilities enhance the innovation outcomes of Cleantech firms. Our result are in line with earlier work by Horbach (2008) , who suggests that eco-innovation is driven by improvement in technological capabilities. The Cleantech dummy in both probit regressions is significant, suggesting that Cleantech ventures have a higher likelihood of generating innovation outcome compared to non-Cleantech startups. Based on the first probit regression, the probability of having a market novelty increases by 11.7% when the new venture belongs to the Cleantech group. This is due to the fact that the coefficient for the Cleantech dummy is significant at the 10% level. Furthermore, the probability of Cleantech startups having products or services that incorporate technology beyond com-mon technology is 36.2% higher than that of non-Cleantech ventures. The last result worth noting concerns the multinomial regression estimations for the novel variable which indicates having launched market novelties. The market novelty is a categorical variable that comprises market novelties in the regional, national (German) and world markets, respectively. Based on the results from Table 9 , the Cleantech dummy is significant and positively related with novelty in the regional market. A Cleantech startup's likelihood of generating novelty in the regional market is higher than that of non-Cleantech startups. Furthermore, the Cleantech dummy is not significant for novelties neither in the German nor in world markets, respectively. However, Cleantech startups introduced new products or services at the scale of the world market in 2012, 2013 and 2014 but not significantly more than non-Cleantech firms. Table 9 shows that for all startups technological capabilities measures, e.g., continuous R&D, having patent, the founder's educational background in economics or business are significant and positively related to the introduction of novel products or services on the world market. Thus, having an economics or business education background is an impor-16 tant factor for all startups to introduce market novelties in world markets. Technological capabilities measures are also essential factors that trigger Cleantech firms to create new products in novel ways (see Section 4.1). Based on the results of Table 9, technological capabilities are important for startups in general to create market novelties at the world market scale.
Conclusions
The growing demand for products and services that help to address the challenges posed by climate change and the scarcity of resources creates business opportunities for startups. This study analyses the innovation capabilities, entrepreneurial opportunities and outcomes of startups in Cleantech using data drawn from the Mannheim Foundation
Panel. The analysis is performed by defining a comparison group of non-Cleantech startups by applying propensity score matching that have similar characteristics. We analyze the innovation outcomes of those startups in later years with respect to market novelties and innovation degree of their products using regression models.
Our findings can be summarized as follows. First, the Foundation Panel shows that Cleantech startups can be found in most industry sectors, and are not limited to high or medium technology manufacturing. Second, though Cleantech startups are quite heterogeneous in this respect, they have on average higher innovation capabilities in comparison to all startups. The results from matching show that Cleantech startups are more likely to hold patents and to engage continuously in R&D. Third, conditional on their innovation capabilities and in comparison with their peers, the regression models show that Cleantech startups are more likely to introduce market novelties in later years. Looking in more detail at this result, we find that the market novelties developed by Cleantech startups are more likely to be a novelty for the regional market, which might imply that those novelties might already exist for other markets. The results from the multinomial logit model also show that Cleantech startups are more likely to combine existing technology in a novel way. Thus, one tentative conclusion from this result is that Cleantech startups more likely focus on incremental instead of radical innovation. For all startups, we find that founders who hold a degree in business or economics positively contribute to the likelihood that the startup will introduce a world market novelty. Thus, this confirms previous research that the experience and background of the founders is an important part of the startup's innovation capability.
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